Purpose The practice of deferring phacoemulsification procedure on recording raised blood pressure (BP) in the immediate perioperative period is based on the perception of increased intraoperative risk. The significance of perioperative BP recordings on the surgical complications during phacoemulsification procedure was evaluated. Setting: Hairmyres Hospitals, Lanarkshire Acute Hospitals NHS Trust. Patients and methods Patients were classified as hypertensive on the basis of the British Hypertension Society Guidelines. BP recordings during preoperative assessment, admission, and 1-hour postoperatively were recorded in 734 hypertensives and 740 normotensives undergoing phacoemulsification procedure. In addition, BP recordings in the holding area before giving local anaesthesia were noted in the 734 hypertensives. Patient's peri-and intraoperative complications during the procedure were noted. Results The mean age was 72 ± 10.5 years and 74±11.6 years among the hypertensives and normotensives. There was a significant increase in the number of hypertensives who developed isolated systolic hypertension in the holding area (95% confidence interval ¼ 2.82, Po0.001) where the mean BP was 171.38/78.31 mm Hg ( ± 30.55/16.29). A total of 21 hypertensives and 18 normotensives developed intraoperative complications during the phacoemulsification procedure. There was no significant difference (P ¼ 0.41) in the intraoperative complications between the hypertensives and normotensives. Conclusion Perioperative increase in BP noted in the holding area among hypertensives did not increase the risk of surgical complications during phacoemulsification procedure when compared with normotensives. We recommend that BP should not be routinely measured in the holding area before phacoemulsification surgery under local anaesthesia.
Introduction
Systemic hypertension affects one billion individuals worldwide 1 and is endemic in the western world, particularly in the elderly. 2 Higher arterial pressure is associated with a higher risk of myocardial infarction, heart failure, stroke, or kidney disease. 3 In the recent guidelines of the American College of Cardiology and the American Heart Association, systemic hypertension per se is considered only a minor risk factor that does not affect overall perioperative management (for non-cardiac surgery including cataract surgery). 4 Recent studies also cast considerable doubt that the perioperative outcome is worse in hypertensive than in normotensive patients in most clinical situations. 5, 6 Howell et al 5 noted a tendency for an increased incidence of perioperative haemodynamic instability, myocardial ischaemia, and cardiac arrhythmias in patients with severe hypertension (systolic blood pressure (SBP) 4180 mm Hg, diastolic blood pressure (DBP) 4110 mm Hg) undergoing surgery under general anaesthesia. There is thus little evidence between admission arterial pressures of o180 mm Hg systolic or 110 mm Hg diastolic and perioperative complications. The position in patients with admission arterial pressures above this level remains unclear.
Cataract is a problem associated with old age, the average age of patients undergoing cataract surgery being 470 years. Understandably, these patients have quite a lot of comorbidity including systemic hypertension.
Modern phacoemulsification procedure under local anaesthesia as a day case now allows cataract removal safely and efficiently in a closed chamber within a short space of time. 7 The role of systemic hypertension is hence less clear in such a perioperative setting when there is no clear evidence that deferring surgery under local anaesthesia in such patient reduces intraoperative risk or that actually lowering the BP on the deferred date of subsequent surgery thereby improves surgical outcomes. The British Hypertension Society (BHS) advise treatment not on the basis of arterial pressure alone but according to the overall estimate of cardiovascular risk. 8 Hence the perception that elevated pressure is associated with increased perioperative risk during elective surgery even under a local anaesthetic, and therefore trying to reduce the arterial pressure is not evidence-based approach. 9 The cancellation of phacoemulsification procedure under local anaesthesia for the sole reason of uncontrolled, raised BP on the day of the operation is hence difficult to justify.
In a recent study by Henderson et al 10 looking into the incidence and causes of ocular surgery, cancellations in an ambulatory surgical centre reported cardiovascular or uncontrolled hypertension as the single most common cause of last minute cancellation of ocular surgery.
The aim of the study is to prospectively investigate whether the cancellation of cataract surgery on the day of the operation (perioperatively) owing to suspected increased risk of intraocular complications in patients with high BP is justified. We have also tried to assess whether there was a higher risk of developing systemic complications during phacoemulsification procedure under local anaesthesia in patients who have associated high BP.
Materials and methods
Ethics committee approval was obtained from the Lanarkshire Acute Hospitals audit and guidelines committee. Over a 1-year period between January 2002 and January 2003, a total of 734 hypertensives were enrolled under a single consultant ophthalmologist, in this prospective controlled clinical study. As there are no studies in the past looking into the relationship between systemic hypertension and cataract surgery complication, the sample size calculation for the study is hypothetical but large enough to represent the population and draw conclusions. The previous ocular and past medical history including systemic hypertension, cardiovascular disease, and diabetic status were noted. All patients and controls underwent a thorough preoperative assessment on a date before their cataract operation, which included BP measurement. Patients with known ocular risk factors such as pseudoexfoliation, pre-existing ocular trauma, anterior uveitis, glaucoma, and combined surgery were not included in this series.
Similarly, on the day of surgery, BP recordings were noted on admission and 1 h postoperatively. Any perioperative or intraoperative complications were recorded for all patients. In addition, BP was recorded for the 734 hypertensives after the patients were taken to the theatre in the holding area before giving local anaesthesia. Similarly, a total of 740 normotensives undergoing phacoemulsification procedures were also enrolled.
For the purpose of the study, the BP reading and classification used as per published guidelines by the BHS. 8 Classification equates with those of the European Society of Hypertension 11 and the World Health Organization-International Society of Hypertension 12 and is based on clinical BP and not values for ambulatory BP measurement (Table 1) . If the SBP and DBP fall into two different categories, the higher value should be taken for classification. At pre-assessment, any patient who was not a known hypertensive but whose BP was noted to be Grade 1 (mild) hypertension 140-159 SBP and or 90-99 mm Hg DBP (DBP), or a known hypertensive patient with BP recordings Grade 2 (moderate) hypertension 160-179 SBP and or 100-109 mm Hg DBP or above was referred to their General Practitioner (GP) for BP control. The patient was given a date for cataract operation only when we received confirmation that the BP was well controlled by his GP. Patients were re-listed for cataract surgery only when we received confirmation that the BP was adequately controlled, that is, 130-139 SBP and or 85-89 mm Hg DBP with or without medication. On the day of surgery, patients who were noted to have Grade 3 hypertension at admission and were not known to be hypertensive were cancelled and were re-listed for cataract surgery once BP was controlled.
Perioperative
On the day of surgery, BP recordings were again noted on admission and classified as per the BHS Guidelines ( Table 1 ). The BP was recorded after the patient was taken to the theatre while in the holding area before giving local anaesthesia, and 1 h postoperatively. Any perioperative or intraoperative complications were recorded.
Data analysis
The individual patients were divided into five groups (Table 2 ) on the basis of the BHS Guidelines.
We compared the BP recordings between the 734 hypertensives and 740 normotensives at pre-assessment, on admission, and 1 h postoperatively at discharge. Any difference in the BP recordings and the subsequent intraoperative complications was also noted.
Among the 734 hypertensives, any fluctuations between BP recorded while in the holding area before giving local anaesthesia and the BP at pre-assessment, on admission, and 1 h postoperatively at discharge were also noted.
Further, to identify whether a relationship between BP and intraoperative complication exists, the maximum and minimum SBP and DBP readings were calculated for each hypertensive. The difference between maximum and minimum SBP and DBP for all hypertensives gave a measure of the maximum observed change in both SBP and DBP. The hypertensives were then grouped according to whether or not an intraoperative complication occurred during the phacoemulsification procedure. Any association between perioperative or intraoperative complications was compared with BP recording using a t-test. We also assessed whether there was any correlation between intraoperative complications and BP recordings at pre-assessment, admission, in the holding area, and at discharge using a logistic regression analysis. All calculations were performed using SPSS (SPSS Inc, Chicago, IL, USA) 10 software.
Results

Demographics
A total of 734 hypertensives and 740 normotensives undergoing phacoemulsification procedure were enrolled in this study. The mean age was 72±11.5 years and 74±10.6 years among the hypertensives and normotensives. There was no significant difference between the two age groups (P ¼ 0.37). There were 298 (41%) males and 436 (59%) female hypertensives and 312 (42%) males and 422 (58%) female normotensives.
In all, 218 (30%) hypertensives and 207 (28%) normotensives were without any significant associated Among the 734 hypertensives, a total of 211/428 had only systemic hypertension, whereas 84 had coexisting diabetes, 34 had renal failure, 67 had associated cardiac disease, and 32 had suffered from stroke in the past. There were 88 hypertensives who suffered from systemic morbidity other than hypertension. Out of the 88 patients, 54 were diabetic, 19 had cardiac disease, and 15 had suffered from stroke. Table 2 shows the distribution of BP recordings in hypertensives and normotensives at pre-assessment, admission, holding area, and at discharge.
BP measurement
BP at pre-assessment
The mean BP recorded at pre-assessment was 150.57/ 79.12 mm Hg (SD±25.21/13.71) for the hypertensives and 154.32/74.59 mm Hg (SD±22.11/19.33) for the normotensives. There was no statistically significant difference between the hypertensive and normotensive groups (P ¼ 0.29). Out of the 107 hypertensives with isolated systolic hypertension, 28 were noted to have Grade 2 isolated systolic hypertension.
BP at admission
The mean BP recorded during admission among the hypertensives was 153.60/73.31 mm Hg (SD ± 28.33/ 15.45) and among the normotensives it was 155.39/ 71.27 mm Hg (SD ± 21.49/17.92). There was no significant difference in the BP recording between the hypertensive and normotensive groups (P ¼ 0.31). Despite referral to GP for tight normotensives at pre-admission and receiving an all clear from the GP regarding BP normotensives, there was no significant difference (normal: P ¼ 0.34, Group 1 P ¼ 0.21, Group 2 P ¼ 0.43, Group 3 P ¼ 0.37, and isolated systolic hypertension P ¼ 0.34) in the number of hypertensives and normotensives (normal: P ¼ 0.49, Group 1 P ¼ 0.51, Group 2 P ¼ 0.62, Group 3 P ¼ 0.27, and isolated systolic hypertension (P ¼ 0.12) in all five groups at admission before phacoemulsification procedure in comparison with pre-assessment stage.
BP in holding area
The mean BP recorded among the hypertensives in the holding area was 171.38/73.31 mm Hg (SD ± 28.33/15.45) A significant number of patients (n ¼ 198) developed isolated systolic hypertension in the holding area when compared with admission (n ¼ 107) BP recordings (95% confidence interval ¼ 2.82, Po0.001). There was no significant difference noted in the other groups.
BP at discharge
The mean BP recorded at discharge for hypertensives who underwent phacoemulsification surgery was 158.49/76.75 mm Hg (SD ± 18.84/9.72) and 154.62/ 72.41 mm Hg (SD ± 14.27/11.38) for the normotensive groups. This was not statistically significant. There were 217 hypertensives who were noted to have a BP of o139 mm Hg SBP and o89 mm Hg DBP when compared with the hypertensives in the holding area (n ¼ 107). There was a significant reduction in BP (95% confidence interval ¼ 2.93, Po0.001) at discharge 1 h postoperatively.
Perioperative and intraoperative complications
A total of 21 hypertensives compared with 18 normotensives developed intraoperative complications during the phacoemulsification procedure.
A total of 17 posterior capsular tears occurred during the phacoemulsification procedure in 734 hypertensives. Altogether, 15 hypertensives required intraocular lens placement in the sulcus, whereas in two patients the lens could be placed in the bag. In addition, there was zonular dehiscence noted in four hypertensives. In all 18 normotensives with posterior capsular tears, the lens was placed in the sulcus. There were no other ocular complications noted on both hypertensives and normotensives. In our series, to the best of our knowledge, there were no systemic complications such as cardiac arrest, myocardial infarction, or stroke in both groups because of the local anaesthesia both intraoperatively and postoperatively. There were also no differences in the complications noted between the hypertensives and normotensives (in whom no BP recordings were made intraoperatively) (P ¼ 0.41).
We also calculated the difference between maximum and minimum SBP and DBP calculated for all hypertensives for each patient in all four stages of BP assessment. This gave us a measure of the maximum observed change in both SBP and DBP. The mean change in BP in hypertensives with intraoperative complications (n ¼ 21) was 38.76/23.29 (SD±16.39/11.74) and 41.57/ 21.31 (SD±17.21/9.47) in hypertensives with an uneventful (n ¼ 713) intraocular surgery. There was no significant difference in the SBP (F ¼ 0.337, t ¼ À0.665, P ¼ 0.56) and DBP (F ¼ 1.047, t ¼ 0.848, P ¼ 0.39) between the hypertensives in the above two groups. In a linear logistic regression model, hypertensives with an increased BP at preoperative assessment (P ¼ 0.54), admission (P ¼ 0.47), or holding area (P ¼ 0.41) did not have an increased risk of intraoperative complications during phacoemulsification procedure. Perioperative increase in BP noted in the holding area was not associated with an increase in the risk of surgical complications during phacoemulsification procedure.
Also, there was no significant difference (P ¼ 0.27) in the intraoperative complications between hypertensives who were known hypertensive (n ¼ 428) patients with or without coexisting medical conditions and nonhypertensive (n ¼ 306) patients. Overall, patients who either had pre-existing raised BP or those who developed a significant increase in perioperative BP at the time of the procedure did not have a significantly higher risk of intraoperative complications.
Discussion
Existing data do not suggest that postponing surgery even under general anaesthesia to control arterial pressure will improve perioperative cardiac outcome. 8, 13 Modern phacoemulsification techniques for cataract surgery allow safe implantation of foldable intraocular lens through small self-sealing incisions. The procedure can now be efficiently performed usually within a few minutes. In such a situation when phacoemulsification is performed under local anaesthesia, the risk due to raised BP on the day of the operation either for intraoperative or systemic complications alone may be small. 7 In our series, to the best of our knowledge, none of our patients developed any systemic complications postoperatively.
In our study, a significant number of hypertensives developed isolated systolic hypertension before cataract surgery followed by a significant reduction of BP recordings in the immediate postoperative period. In two previous series, a similar tendency for the preoperative BPs to increase and the postoperative BPs to decrease was noted. 14, 15 The authors are of the opinion that this increase in BP recordings, immediately on admission or in the holding area, might be an overestimate of the longterm arterial pressure level (referred to as 'white coat' or 'isolated office hypertension'). This is defined as a persistently elevated clinic arterial pressure of X140/ 90 mm Hg in the presence of an average daytime ambulatory arterial pressure reading of o135/ 85 mm Hg. [16] [17] [18] [19] It is clear that in many surgical patients, the admission arterial pressure will not equate to the patient's usual arterial pressure. 20 Recent studies suggest maintaining arterial pressure perioperatively at 70-100% of baseline and avoiding tachycardia is a key factor in the optimal management of hypertensive surgical patients. 17, 21 In our series, none of the patients developed perioperative systemic complications requiring anaesthetic intervention. The authors are of the opinion that postponing surgery for the purpose of preoperative arterial pressure control must take into account that arterial pressure should be corrected slowly, and that up to 2 months may be required to reverse some of the hypertension-induced cardiovascular changes. We acknowledge the fact that data are lacking to support such practice. 22 The Joint National Committee on prevention, detection, evaluation, and treatment of high arterial pressure (2003) recognises that the risk of cardiovascular disease doubles with each increment of 20/10 mm Hg. However, there are no recommendations or guidelines for the perioperative care of the hypertensive patient both under local and general anaesthesia. 1 The American Heart Association/American College of Cardiology (ACC/AHA) guidelines comment that hypertension (Stages 1 and 2) is not an independent risk factor for perioperative cardiovascular complications. 23 They suggest that Stage 3 hypertension (SAP 4180 mm Hg and/or DAP 4110 mm Hg) should be controlled before surgery. 23 Howell et al 5 suggest that patients with mild and moderate hypertension and no evidence of coronary artery disease or end-organ damage may safely undergo surgery under general anaesthesia without delay. They suggest that it is appropriate to defer anaesthesia and surgery where possible in patients with admission arterial pressures consistent with Stage 3 hypertension, especially if there is evidence of target organ damage. However, it must be borne in mind that this recommendation is made on the basis of evidence of perioperative risk for surgery under general anaesthesia. The risk of perioperative morbidity and mortality is further reduced under local anaesthesia.
In previous case studies, uncontrolled hypertension was noted to present an increased risk of orbital haemorrhage during injection of a local anaesthetic and potential of perioperative suprachoroidal expulsive haemorrhage (SCH) (a catastrophic complication). 24 Another risk factor for SCH was noted to be a pulse rate greater than 85 beats per min, and therefore special consideration was suggested for highly anxious patients (perhaps sedation) or those with poorly controlled atrial fibrillation. 24 These reports were in patients who underwent extracapsular and even intracapsular cataract extraction with retrobulbar anaesthesia. 25, 26 In a recent large series of 109 SCH cases in the United Kingdom, older age, taking at least one cardiovascular medication, peripheral vascular disease, hyperlipidaemia, posterior capsule rupture before SCH, and phacoemulsification conversion were the main risk factors noted. Taking cardiovascular medication seemed to be a better predictor of SCH than hypertension and elevated preoperative SBP. 27 A study by Lee et al 28 identified ischaemic heart disease, heart failure, and renal failure as risk factors for perioperative cardiac complications. In our series, there were 428/734 (58.3%) hypertensives who suffered from pre-existing systemic hypertension of which 211 (49%) had only systemic hypertension, whereas 84 patients had coexisting diabetes, renal failure (n ¼ 34), associated cardiac disease (n ¼ 67), and 32 had also suffered from stroke in the past. Despite a large number of our patients suffering from hypertension and coexisting disease, there was no association with intraocular complications or systemic morbidity. Meticulous preoperative assessment to identify associated cardiovascular risk factors and extent of target organ damage may help identify patients at risk of perioperative morbidity and mortality to be appropriately listed. 8 In our series, 87/734 hypertensives (12%) of our patients developed severe hypertension immediately before phacoemulsification procedure (holding area) despite being on maximal medical treatment.
The absence of any significant difference in intraoperative complications between the hypertensive and normotensive groups would suggest that BP in the holding area had no impact on the surgical outcome.
The ultimate goal in the treatment of hypertension and associated coexisting disease during modern cataract surgery must be to reduce the risk of cardiovascular events for the individual patient and to avoid intraoperative complications. Hypertension is only one of a number of risk factors for cardiovascular disease. In our series, a significant number of patients developed isolated systolic hypertension in the holding area when compared with admission BP recordings. The BP then resolved when recorded at discharge. Our study suggests that raised perioperative arterial pressures do not result in adverse postoperative outcomes in patients undergoing the phacoemulsification procedure.
Conclusion
Blood pressure recording at the time of admission or in the holding area does not reflect the true level of patient's hypertensive status and perioperative BP in the holding area does not seem to alter the risk of intraoperative complications during routine phacoemulsification procedure under local anaesthesia. We recommend that patients undergoing cataract surgery under local anaesthesia with phacoemulsification surgery should not be cancelled on the grounds of raised BP in the immediate preoperative period. On the basis of the results of our study, we would like to recommend some simple guidelines as suggested in the flow chart (Figure 1 ) for the patient with systemic hypertension undergoing phacoemulsification surgery under a local anaesthetic.
